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Parathyroid removal prevents the progression of chronic renal
failure induced by high protein diet
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Parathyroid removal prevents the progression of chronic renal failure
induced by high protein diet. The influence of PTH in the progression of
renal failure induced by a high protein diet was investigated in either
sham operated (SHAM) or parathyroidectomized (PTX) and subtotally
nephrectomized (NX) rats. NX-SHAM rats were pair-fed either a high
(HPr, 40% casein) or a normal (NPr, 20% casein) protein diet and
NX-PTX rats a HPr diet. The results indicate that PTX markedly
improved the survival rate and prevented the deterioration of renal
function induced by the HPr diet. The number of rats alive after 33
weeks was 0 of 11, 6 of 10, and 9 of lOin NX-SHAM-HPr, NX-PTX-
HPr and NX-SHAM-NPr, respectively. The increases in plasma urea
and creatinine were consistently delayed or prevented in NX-PTX as
compared to NX-SHAM rats fed the HPr diet. The increment in the
mass and calcium content of the kidney remnant induced by HPr was
prevented by parathyroidectomy. In addition, PTX completely pre-
vented the rise in the circulating level of cholesterol observed in
response to HPr. Normalization of plasma calcium in NX-PTX rats with
I ,25-dihydroxyvitamin D3 restored the increment in the renal mass and
calcium content and reduced the protective effect of PTX on the
progression of renal failure induced by high protein diet. In conclusion,
in the subtotal nephrectomized rat model of chronic renal failure, the
progression of kidney damage induced by a high protein diet can be
prevented by removal of the parathyroid glands. This observation
suggests that PTH could be implicated in the mechanism whereby a
high protein regimen accelerates the course of chronic renal failure.
Parathyroid hormone (PTH) plays a major role in the skeletal
lesions that develop during chronic renal failure (CRF) [1—3].
Furthermore, in the course of CRF, secondary hyperparathy-
roidism is probably also an important factor that favors the
accumulation of calcium (Ca) in the renal parenchyma [4, 5].
Thus, by favoring the development of nephrocalcinosis, PTH
could accelerate the deterioration of the remaining functional
nephrons. Evidence for a causal relationship between the
changes in the circulating level of PTH, the renal Ca content
and the deterioration of kidney function has been reported in an
animal model of progressive CRF with marked hyperparathy-
roidism induced by a high phosphorus diet [6, 7]. Both experi-
mental and clinical evidence indicate that a high protein diet
accelerates the progression of kidney lesions and deterioration
of functions in CRF [8—11]. The pathophysiological components
involved in the deleterious influence of the protein intake have
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not yet been clearly identified. Some observations suggest that
PTH could be involved. Thus, in patients with CRF, a low
protein diet was shown to reduce the degree of secondary
hyperparathyroidism [12]. Another suggestion comes from ex-
periments with aging Fischer rats in which spontaneous pro-
gressive renal failure can be observed. Interestingly, in this rat
strain the deterioration of renal function is preceded by an
age-related hyperparathyroidism [13]. Furthermore, both the
decline in renal function and the progression of hyperparathy-
roidism can be prevented either by limiting the food intake or by
feeding the animals with soy instead of casein as a protein
source [13]. This information represents indirect evidence sug-
gesting that PTH could be involved in the deterioration of renal
function associated with a high intake of animal proteins such as
casein. In order to obtain more direct information on this
matter, we explored whether removal of PTH could prevent the
development of renal insufficiency induced by a high protein
diet in the subtotally nephrectomized rat model.
Methods
Preparation of the animals
Male Wistar rats weighing 200 10 g (mean SEM) and fed
with the ordinary laboratory chow were selected for the study.
Sham operation (SHAM) or parathyroidectomy (PTX) was
performed under light anesthesia (Ketamin 10 mg/l0O g body
wt). The adequacy of parathyroid gland removal was checked
by determining the fasting plasma calcium concentration
([Ca]PL) 48 hours after the operation. Only PTX rats with
[Ca]PL lower than 1.88 m were kept in the study. One week
after the removal of the parathyroid glands or sham operation,
animals were anesthetized and the first stage of renal mass
reduction was performed through a lumbar incision by ligating
the two poles of the left kidney and cauterizing the remainder of
its surface. The rats were allowed to recover for seven days
before the second stage of the renal mass reduction which
consisted of ablation of the right kidney under anesthesia. In
one series of experiments, a uninephrectomy was performed
under anesthesia by removing the right kidney. During the next
seven days, the uni- or subtotally nephrectomized (NX) rats
were fed 15 g of the laboratory chow and were allowed to drink
distilled water ad libitum. In these animals, the function of the
thyroid glands, as assessed by the circulating level of thyroxine,
was not affected by parathyroidectomy. The mean plasma
thyroxine concentration was identical in PTX (48.0 3.0, N
13) as compared to SHAM animals (48.6 2.2 pmol/ml, N =
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Fig. 1. Growth curve recorded during the development of renal failure
in NX-SJJAM rats fed either a normal (——) or a high protein diet
(—U---), and in NX-PTX rats fed a high protein diet (—tx—). During the
first 9 weeks, there were respectively 10, 10 and 13 rats in each
experimental group. During the next 3 weeks, these numbers decreased
by 2 to 3 in each experimental group. The results are means SEM.
15). Following this recovery period, the rats were switched to a
semi-synthetic diet containing either 20% or 40% casein (Kliba,
Klingenthalmuele AG, Switzerland) and a precise amount of
calcium (1.2 g/100 g), phosphorus (0.8 g/100 g), and sodium (0.3
g/lOO g). The two diets were made isocaloric with starch and
soya oil and contained an equal amount of vitamin supplements.
NX-SHAM operated rats were fed either the 20% casein diet
(normal protein diet) or the 40% casein diet (high protein diet),
while the NX-PTX animals received the 40% casein diet. In one
set of experiments, NX-PTX rats were given 26 pmollday (s.c.)
of chemically synthesized 1 ,25-dihydroxyvitamin D3 (Hoff-
mann-La Roche & Co., Basel, Switzerland) to normalize their
calcemia. The different experimental groups were pair-fed
throughout the study. Blood pressure was determined in lightly
anesthetized rats (DormicumR, 250 g/100 g body wt i.p.) using
a tail-cuff indirect method (IITC Inc., Landing, New Jersey,
USA) as previously described [14]. In one series of experi-
ments, renal function was determined by the clearance meth-
odology. The lag time elapsing between subtotal nephrectomy
and rapid renal failure varied greatly among the rats fed the high
protein diet. Therefore, renal clearance studies were performed
when plasma urea reached a concentration of approximately
100 mmol/liter. Whenever an animal fed the high protein diet
entered this uremic phase, one rat from each of the other two
experimental groups was randomly selected and concomitantly
investigated.
Clearance experiments
The general clearance methodology for the determination of
renal function has been described previously [151. Briefly,
animals were placed into restrictive cages and a flexible cathe-
ter was introduced in the tail vein. A first dose of 2.0 pCi
[methoxy-3H] inulin and 1.0 pCi of [14C] PAH (New England
Nuclear, Boston, Massachusetts, USA) dissolved in isotonic
saline was injected i.v. in a volume of 0.4 ml. A 0.15 M sodium
chloride solution containing 50 pCi/100 ml [methoxy-3H] inulin
and 35 pCi/l00 ml ['4C] PAH was then infused at a rate of 6
ml/hr into a tail vein throughout the experiment. After an
equilibration period of 60 minutes, urine samples were collected
for 120 minutes on ice and a blood sample was taken at the end
of this period. At the end of the clearance study, the rats were
anesthetized, exsanguinated by aortic puncture and the kidney
remnants harvested and weighed.
Analytical methods
The activity of [3H]-inulin and ['4C] PAH in plasma and urine
samples was counted in a liquid scintillation spectrometer.
Calcium (Ca) was measured by atomic absorption spectropho-
tometry. Inorganic phosphate (Pi) was determined spectropho-
tometrically as phosphomolybdate after reduction with a 10%
ascorbic acid solution [16].
Plasma urea was determined colorimetrically using the urease
method modified by Berthelot (Urea Test Kit, Hoffman La
Roche & Co.). The plasma triglyceride concentration was
determined by the glycerol phosphatase oxidase method as
described by McGowen (Triglyceride PAP Test Kit, Hoffman
La Roche & Co.). Plasma total cholesterol was determined by
the cholesterol oxidase method as described by Allain (Choles-
terol PAP Test Kit, Hoffman La Roche & Co.). Plasma creat-
mine was determined colorimetrically using the Jaffê reaction.
Plasma albumin concentration was determined colorimetrically
using the bromocresol green method (Technicon diagnostics).
Plasma PTH was measured by radioimmunoassay with an
antibody detecting the intact-N-terminal fragment of parathy-
roid hormone (Nichols Institut Diagnostics, San Juan Capist-
rano, California, USA). Total plasma thyroxine was determined
by R.I.A. as previously described [17]. Kidney dry weight was
obtained by weighing kidney remnants lyophilized for 48 hours.
Renal Ca content was determined after incinerating the lyoph-
ilized kidney at 800°C for 24 hours and dissolving the ash
residue in 1.0 N hydrochloric acid.
Statistical analysis
Unless otherwise indicated, all results are expressed as mean
SEM. A two-sided, unpaired Student's t-test or covariance
analysis (ANOVA) were used to evaluate significant differences
between experimental groups. The data relating to the survival
rate analysis were plotted according to Kaplan and Meier [181.
Statistical analysis of these results was performed by the
one-sided and two-sided log-rank test [19]. A difference be-
tween the experimental groups was considered as significant
when the probability value was less than 5.0%.
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Fig. 2. Effect of parathyroidectomy (PTX) on the survival rate of
subtotally nephrectomized rats fed a high protein diet. Symbols are: (•)
SHAM 20% protein; (A) PTX 40% protein; (U) SHAM 40% protein.
* P < 0.05, ** P < 0.01 vs. subtotally nephrectomized rats with intact
parathyroid glands (SHAM) and fed a high protein diet. At the begin-
fling of the study, 10 animals were included in each experimental group.
The different protein regimens started at time 0. Subtotal nephrectomy
was performed one week before the change in dietary protein.
Results
Under strict pair-feeding conditions, the body weight gains
were quite similar in the three experimental groups during the
weeks following the subtotal nephrectomy (Fig. 1). Both plasma
Ca and Pi levels were maintained within the normal range (2.38
to 2.65 and 2.14 to 2.98 mmol/liter, respectively) in NX-SHAM
animals fed either the normal or high protein diet. In NX-PTX
rats, plasma Ca was below 1.80 mmol/liter (1.12 to 1.76) and the
level of plasma Pi higher than 3.30 mmol/liter (3.37 to 4.88).
When animals entered the phase of rapid renal deterioration,
the food intake diminished and a loss in body weight was
observed. At this end stage of renal insufficiency, the expected
rise in plasma Pi was accompanied by a fall in plasma Ca (data
not shown).
In a first series of experiments, the influence of parathyroid-
ectomy on the deterioration of renal function induced by a high
protein intake was assessed by recording the survival rate. A
rapid decline in the survival rate was observed in the NX-
SHAM rats fed the high protein diet from the 13th to the 33rd
weeks of treatment (Fig. 2). Thus, all (N = 10) SHAM animals
fed the high protein diet died within a period of 33 weeks (Fig.
2). In contrast, only four out of the 10 NX-PTX rats died within
the same period, while the survival rate was 90% in the
NX-SHAM fed the normal protein diet (Fig. 2).
In rats fed the high protein diet, the protective effect of
parathyroidectomy on the mortality rate was accompanied by a
parallel delay in the elevation of both plasma urea and creati-
nine (Fig. 3). As previously observed [9], in NX rats with intact
parathyroid glands, there was marked individual variability in
the time interval between the onset of the high protein regimen
Time, weeks
Fig. 3. Time course of changes in the plasma concentration of urea (A)
and creatinine (B) in NX-SHAM rats fed either a normal (—0—, mean
SD from 10 rats) or a high protein diet (solid line, individual value), and
NX-PTX rats fed a high protein diet (dotted line, individual value).
and the rapid deterioration of renal function, as expressed by
the rise in the plasma concentration of either urea or creatinine.
In our experimental conditions, elevation in the plasma level of
urea was a more sensitive index than that of creatinine for
detecting the onset of renal insufficiency in each individual (Fig.
3). Accordingly, renal functions were measured by the clear-
ance method when plasma urea reached approximately 100
mmollliter. Whenever an animal entered this uremic phase, and
in this series of experiment only NX-SHAM rats fed with the
high protein diet displayed such a plasma level of urea, it was
compared to one NX-PTX rat fed with the high protein diet and
one NX-SHAM counterpart fed with the normal protein diet.
The renal function determination indicates that both the gb-
merular filtration rate (GFR) and the renal plasma flow (RPF)
were severely affected by the high protein as compared to the
normal protein diet (Fig. 4). Note that at the time of the renal
clearance determination, the animals in the three experimental
groups had consumed the same amount of food. Therefore,
these results indicated that parathyroidectomy completely pre-
vented the dramatic decline in GFR and RPF induced by the
high protein diet. This protective effect of parathyroidectomy
on the development of renal insufficiency induced by high
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protein diet was not associated with a significant (covariance
analysis) alteration in the level of blood pressure recorded prior
the rapid development of renal failure in PTX compared to
SHAM animals (Fig. 5).
After the clearance study, kidney remnants were harvested
and both the wet and dry weights were determined. As previ-
ously reported [20—22], feeding subtotally nephrectomized rats
with a high protein diet induced an increment in both kidney
wet and dry weights (Fig. 6). This effect was completely
prevented by parathyroidectomy (Fig. 6). In one series of
experiments, the effect of parathyroidectomy on changes in
renal mass was investigated in uninephrectomized rats (UNX)
fed a high or normal protein diet for only five days. During this
short time period, the kidney wet weight increased in UNX-
SHAM rats fed the high protein diet by 30.5 2.3% (N = 11),
whereas this increment was 16.1 1.8% (N = 10) in UNX-
SHAM animals fed the normal protein diet (P < 0.001). In the
same experiment, the increased kidney wet weight in UNX-
PTX rats fed the high protein diet was completely blunted and
reached only 6.0 5.1% (N = 8), a value not significantly
different compared to UNX-SHAM animals fed the normal
protein diet. In the three experimental groups, the food intake
and the body weight increase were identical (data not shown).
The calcium content of the kidney remnants harvested from
animals fed the high protein diet was significantly higher com-
pared to that from rats fed a normal protein diet (Fig. 7).
Parathyroidectomy completely prevented the renal accumula-
tion of calcium induced by the high protein diet (Fig. 7).
Alteration in lipid metabolism could be involved in the
decline of renal function induced by the high protein diet [23,
24]. At the time of the clearance study, that is, when NX-
SHAM rats fed the high protein diet started to develop renal
insufficiency, the level of total plasma cholesterol in these rats
was significantly higher as compared to NX-SHAM rats fed a
T
normal protein diet (Fig. 8A). This change in plasma cholesterol
concentration was accompanied by a slight but significant
hypoalbuminemia (23.4 1.6 and 28.4 1.1 g/liter, respec-
tively, P < 0.05). The rise in the plasma cholesterol level in
NX-SHAM animals fed the high protein diet was completely
prevented by parathyroidectomy (Fig. 8A) and the plasma
albumin concentration in these rats was normal (28.9 1.1
glliter). The plasma triglyceride level was affected by neither
the protein intake nor the parathyroid status (Fig. 8B). The
respective contribution of changes in the levels of either PTH or
plasma calcium in mediating the protective effect of parathy-
roidectomy was also assessed in this study. During the weeks
following the subtotal nephrectomy, the plasma PTH level was
not affected by the protein diet (Table 1). As expected, how-
ever, PTH level rapidly increased in rats with intact parathyroid
glands when they became uremic (data not shown). The influ-
ence of extracellular calcium in mediating the PTH effect on the
progression of renal damage related to high protein diet was
investigated in PTX rats chronically treated with 1 ,25(OH)2D3.
As previously reported in this laboratory in thyroparathy-
roidectomized rats with a normal renal mass [15], the chronic
administration of this dose of 1 ,25(OH)2D3 normalized the
plasma calcium concentration in subtotally nephrectomized
PTX rats (Fig. 9). In NX-PTX rats having a normal plasma
calcium and fed a high protein diet, the survival rate was
reduced as compared to hypocalcemic NX-PTX rats (Fig. 10).
However, this parameter remained significantly higher as com-
pared to NX-SHAM animals fed the same protein diet (Fig. 10).
The higher survival rate in normocalcemic NX-PTX rats was
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Fig. 4. Clearance of inulin (C1,,) and of para-
aminohippuric acid (CpAH) in NX-SHAM rats
fed either a normal (0) or a high protein diet
(U), and NX-PTX rats fed a high protein diet
(A). Renal function was determined as
described in the text. P < 0.001 vs.
SHAM animals fed the high (40%) protein
diet. +++ P < 0.001 vs. SHAM animals fed
the normal (20%) protein diet.
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Fig. 5. Blood pressure level in NX-SHAM rats fed either a normal (•)
or a high (U) protein diet and NX-PTX animals fed a high protein diet(A). Values are means SEM.
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accompanied by a parallel delay in the elevation in plasma urea
(Fig. 11). At the end of the experiment, kidney remnants were
harvested and their wet and dry weights determined. In normo-
calcemic NX-PTX rats treated with 1 ,25(OH)2D3, the kidney
weights were significantly increased compared to hypocalcemic
NX-PTX rats and similar or even higher than those measured in
NX-SHAM animals (Fig. 12). Associated with a higher renal
mass in normocalcemic as compared to hypocalcemic NX-PTX
animals, the calcium content in kidney remnants was also
elevated compared to NX-PTX and identical to that of NX-
SHAM rats fed the high protein diet (Fig. 13).
Discussion
The present study using the subtotally nephrectomized rat
model shows that parathyroidectomy can confer protection
against the deleterious effect of a high protein diet on the
function of kidney remnants, and thereby considerably improve
the survival rate of the animals. Removal of the parathyroid
glands prevented the occurrence of several alterations which
Protein, % 20% 40% 40%
Fig. 7. Calcium content of kidney remnants harvested from subtotally
nephrectomized rats at the time of the clearance study as described in
the legend to Figure 4. The results are mean SEM of 10 rats fed a
normal protein diet (U), 9 rats sham-operated and fed a high protein diet
(a), and 13 parathyroidectomized (PTX) rats fed a high protein diet(). P < 0.001 vs. SHAM animals fed the high (40%) protein diet.
+ + P < 0.01 vs. SHAM animals fed the normal (20%) protein diet.
could play a pathophysiological role in the progression of renal
failure induced by a high dietary protein.
Thus, in response to protein loading, the increment in the
mass of the kidney remnants was prevented by parathyroidec-
tomy. This blunting effect of parathyroidectomy was expressed
early after switching animals from a normal to a high protein
diet, suggesting that it is not merely the consequence of the
renal failure. However, the change in kidney wet weight re-
corded at the end-stage of the renal failure in the NX-SHAM
animals was probably exaggerated by water retention probably
due to tubulointerstitial abnormalities.
It is interesting to note that removal of a circulating factor
such as parathyroid hormone completely prevented the growth
of kidney remnants in response to a high protein intake. This
observation strongly suggests that in addition to intrinsic renal
elements, environmental factors are of major importance in
controlling the growth of kidney remnants in response to high
protein exposure.
As previously shown, parathyroid hormone affects several
serum and renal variables apt to influence the growth of the
kidney [25, 26]. Previous observation from this laboratory
suggested that both extracellular calcium concentration and the
direct effect of PTH could independently stimulate compensa-
tory growth. Thus, PTH is probably of major importance in the
enhancement of renal compensatory growth observed in re-
sponse to dietary calcium restriction [25]. In unilaterally ne-
phrectomized rats, however, a positive correlation was found
between kidney growth and plasma calcium set at different
levels in thyroparathyroidectomized rats chronically receiving
various doses of either parathyroid hormone or 1 ,25(OH)2D3
[26]. In response to high protein exposure, the results of the
present study suggest that the calcium level in some undeter-
mined pool(s) plays an important role in mediating this renal
response. In hypocalcemic NX-PTX rats, both the growth and
the accumulation of calcium in kidney remnants induced by
high protein diet were abolished. In NX-PTX rats with
1 ,25(OH)2D3 replacement, these responses were restored to-
ward those recorded in SHAM animals. The level of PTH
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high (40%) protein diet. ++ P < 0.02; +++ P < 0.001 vs. SHAM
animals fed the normal (20%) protein diet.
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determined before the rapid development of uremia was not
influenced by the dietary protein intake in subtotally nephrec-
tomized rats. These observations suggest that the change in
renal growth, calcium retention and the deterioration of the
renal function induced by dietary protein are not directly
affected by the circulating level of this calciotropic hormone but
is probably related to its calciotropic effect.
Associated with the normalization in the growth and calcium
retention in PTX rats treated with 1 ,25(OH)2D3 as compared to
SHAM animals, the protective effect of parathyroidectomy
against the deleterious effect of a high protein load was partially
lost, suggesting that alterations in these parameters contribute
significantly in this process of renal deterioration. In contrast to
evidence indicating that PTH influences the renal growth very
early in response to high protein diet suggesting a causal
relationship between renal growth and the renal deterioration,
the role of kidney calcium retention in this process remains to
be investigated. The observation that two major calciotropic
hormones such as PTH and l,25(OH)2D3 accelerate the pro-
Plasma PTH pg/mi
Protein 20% Protein 40%
Time SHAM SHAM
weeks (N = 6) (N = 8—11)
6 68.3 7.6 53.8 5.3
12 55.8 5.9 55.8 5.1
gression of renal failure induced by high protein diet suggests
that calciotropic events are important in the development of this
renal pathology. It is interesting to note, however, that despite
the normalization of these parameters in normocalcemic PTX
rats, the survival rate in these animals remained significantly
higher compared to that measured in SHAM animals. This
observation suggests that other factors might be involved in this
process. In a variety of studies related to chronic renal diseases,
investigators have found a tight correlation between the eleva-
tion in glomerular pressure and flow and glomerular hypertro-
phy [27—291. Recent experiments have shown that in response
to high protein intake glomerular hypertrophy and glomerulo-
sclerosis might have independent effects in the development of
renal failure [30, 24]. PTH or the level of extracellular calcium
may influence renal hemodynamics which would lead to en-
largement of residual nephrons and the development of sclero-
sis. The effect of parathyroid hormone on glomerular ultrafil-
tration has been investigated by Ichikawa et al [31]. The
glomerular capillary ultrafiltration coefficient and the single
nephron glomerular filtration rate (SNGFR) were found to be
decreased by PTH. This effect is opposite to what was reported
on the effect of dietary protein loading, since SNGFR was
shown to be increased [32, 33]. Therefore, it seems unlikely that
the protective effect of parathyroidectomy on the development
of renal failure, described in this study, could be related to a
direct effect of PTH at the level of the glomerulus.
Studies on isolated blood vessels have shown that PTH acts
as a vasodilator and that administration of PTH clearly exerts
an acute hypotensive effect [34]. In rats fed a restricted protein
diet, micropuncture of single nephrons revealed that the de-
crease in GFR was due to alteration in glomerular arteriolar
pressure and reduced plasma flow [35]. In relation with the
above-mentioned information, the results presented in this
study do not support that part of the protective effect of
parathyroidectomy on the deterioration in the renal function
induced by high protein supply involves changes in hemody-
namic factors. Indeed, during the weeks preceding the devel-
opment of severe uremia, blood pressure was affected neither
by the dietary protein supply nor by parathyroidectomy. The
relative importance of the alterations in glomerular hemody-
namics in the development of glomerular sclerosis with high
dietary protein intake has been recently reconsidered by
O'Donnell and collaborators [24]. They found that high dietary
protein could accelerate the development of glomerular injury
independently of its effect on glomerular hemodynamics. In rats
fed a high protein diet, the incidence of focal glomerular
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Table 1. Plasma PTH levels in NX-SHAM rats fed either a normal
or a high protein diet before the development of uremia
Sham Sham PTX
20% 40%
Results are means 5EM. The plasma PTH level in NX-PTX rats was
27.0 0.6 pg/ml (N = 11).
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Fig. 8. Plasma level of total cholesterol (A) and triglycerides (B) in
SHAM rats fed either a normal (0) or a high protein diet () and in
PTX rats fed a high protein diet (2). ''P < 0.001 as compared to the
group of SHAM animals fed the normal (20%) protein diet. + + + P <
0.001 vs. SHAM animals fed the high (40%) protein diet.
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Fig. 9. Plasma calcium level recorded during the development of renal
failure in NX-SHAM (, NX-PTX (A) and NX-PTX rats chronically
treated with 1,25-dihydroxyvitamin D3 (0). Values are means SEM.
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Fig. 10. Effect of chronic administration of 1,25-dihydroxyvitamin D3
on the survival rate in subtotally nephrectomized-PTX rats fed a high
protein diet. Symbols are: (A) PTX rats fed 40% protein; (0) PTX +
1 ,25-dihydroxyvitamin D3, and () SHAM rats fed 40% protein. * J <
0.01; ** P<0.001; + P < 0.05; ++ P < 0.025 vs. NX-SHAM animals
fed a high protein diet.
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Fig. 11. Time course of changes in the plasma concentration of urea in
11 rats SHAM-40% (•), 13 rats in PTX + 1,25D-40% (0) and 12 rats in
PTX-40% (A) experimental groups, respectively.
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sclerosis correlated with the serum cholesterol level measured
at various times during the course of renal failure.
In models of progressive glomerular disease, altered choles-
terol metabolism could be a significant risk factor for the
development of glomerulosclerosis [23, 24]. In this concept, it is
interesting to note that associated with the protective effect of
parathyroidectomy, the rise in the circulating level of choles-
terol observed in response to the high protein diet was com-
pletely abolished. The level of triglycerides, another important
component of lipid metabolism, was not significantly affected
by either the high protein diet or parathyroidectomy. The
association of hypoalbuminemia with elevated plasma choles-
terol level in SHAM rats fed the high protein diet suggest that
proteinuria might be the cause for this alteration of lipid
metabolism [36]. This observation confirms that cholesterol
metabolism is altered in rats with reduced renal mass fed a high
protein diet. The inhibitory effect of parathyroidectomy on the
elevation of plasma cholesterol associated with a slower devel-
opment of kidney damage supports the notion mentioned above
that alteration in lipid metabolism is an important risk factor in
progression of renal failure. The role of calciotropic factors in
the alteration in lipid metabolism remains unclear. It has been
reported that in rats casein could increase the plasma level of
cholesterol [24] and that PTH adversely affects lipid metabolism
Fig. 12. Weight of kidney remnants harvested from subt orally nephrec-
tomized rats at the end-stage of renal insufficiency. The results are
means SEM of 11 rats in SHAM-40% (a), 12 rats in PTX-40% () and
13 rats in PTX + 1 ,25D () experimental groups, respectively. ** P <
0.01 vs. SHAM-40% animals; ++ P < 0.05, +++ P < 0.001 vs.
PTX-40% rats.
in chronic renal failure [37]. In addition, in rabbits, the casein-
induced hypercholesteremia was shown to be calcium depen-
dent [38].
In conclusion, in a model of chronic renal failure with
progressive deterioration aggravated by a high protein intake,
removal of the parathyroid glands conferred remarkable pro-
tection. Parathyroidectomy prevented the high protein-induced
increment in the calcium content and mass of the kidney
remnants, and abrogated the rise in plasma cholesterol. These
data strongly suggest that calciotropic factors such as PTH
could play a significant role in the progression of renal disease
induced by a high protein diet.
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